The aim of the present study was to examine the mechanism of ACTH action on corticoidogenesis by comparing the species differences in the intracelluar sources of corticoidogenic cholesterol during the ACTH induced corticoidogenesis in rat, bovine and hamster adrenocortical cells.
Materials and Methods Preparation of cell suspensions:
Male and female Wistar-Imamichi rats (200-250 g) and the GN-strain of the Syrian hamster (110-150 g) were bred and maintained in an animal room with a controlled light-dark cycle and room temparature.
The hamsters and rats were sacrificed at 11:00 A.M. by decapitation to obtain the adrenals, and bovine adrenal glands were obtained from a Tokyo wholesale meat market.
The adrenocortical cells were dispersed by the trypsin digestion method as described previously (17 Each value represents the mean±S.E. of triplicate determinations using 1.1 x101 (hamster), 0.7x105 (rat) and 5.9x101 (bovine) cells/tube, respectively.
Effect of ML-236B on the ACTH-induced corticoidogenesis in hamster, bovine and rat adrenocortical cells: The ACTH+Ca2+ induced corticoidogenesis was not sig nificantly inhibited by ML-236B (100 ;tM) during the 2 to 3 hr incubation periods in the bovine (Fig. 1c) and rat (Fig. 1b) adrenal cells. In the hamster adrenal cells (Fig. 1a) , ML-236B (100 ;eM) did not affect the ACTH+Ca2+-induced corticoidogenesis dur ing the initial 1 hr incubation periods as in the cases of rat and bovine adrenocortical cells; but thereafter, the ACTH+Ca2+-induced corticoidogenesis was completely blocked by ML-236B (100 iM) during subsequent incubation periods as shown in Fig. 1 a. The time-course of the ACTH+Ca 21 induced corticoidogenesis in the rat adrenal cells was almost linear during the 3 hr incubation periods ( Fig. 1 b) , and it was hyperbolic during the 2 hr incubation periods in the bovine adrenal cells (Fig. 1c) . However, it was very interesting to find that the time course was biphasic in the hamster adrenal cells: it was hyperbolic during the initial 1 hr incubation periods, but thereafter, it showed a parabolic nature as indicated in Fig. 1 a. Effect of W-7 on the ACTH-induced corticoidogenesis in hamster, bovine and rat adrenocortical cells: The ACTH+Ca2+ induced corticoidogenesis was not affected by W-7 in the hamster adrenal cells at con centrations up to 25 ,cM (Fig. 2a) , but the ACTH+Ca2+-induced corticoidogenesis in the rat and bovine adrenal cells was markedly inhibited by W-7 (up to 25 itM) as indicated in Fig. 2 (b and c) .
Effect of chloroquine on the ACTH-induced corticoidogenesis in hamster, bovine and rat adrenocortical cells: Chloroquine inhibited the ACTH+Ca2+-induced corticoidogenesis in the hamster, rat and bovine adrenal cells significantly during the 1 hr incubation periods as shown in Fig. 3 (a, b and c) . Fifty % inhibitory doses of chloroquine on the ACTH+Ca2+-induced corticoidogenesis in the hamster, bovine and rat cells were 15, 40 and 50 iiM, respectively. The hamster cells were much more sensitive to chloroquine than the bovine and rat adrenal cells.
Effect of dichlorvos on the ACTH-induced corticoidogenesis in hamster, rat and bovine adrenocortical cells: Dichlorvos inhibited slightly the ACTH+Ca2+-induced corti coidogenesis in the hamster and bovine adrenal cells (Fig. 4 a and c) , but inhibited it markedly in the rat adrenal cells as indicated in Fig. 4b at concentrations up to 200 flM. Effect of cycloheximide on the ACTH induced corticoidogenesis in hamster, rat and bovine adrenocortical cells: Cyclohexi mide (up to 1 mM) equally inhibited the ACTH+Ca2+-induced corticoidogenesis in the hamster, rat and bovine adrenal cells during the 1 hr incubation periods as indicated in Fig. 5 (a, b and c) . In the hamster adrenal cells, cycloheximide similarly inhibited the ACTH+Ca2+-induced corticoidogenesis dur ing the 1 hr and 3 hr incubation periods as shown in Fig. 5a . Each value represents the mean±S.E. of triplicate (hamster, rat) or the mean of duplicate (bovine) determinations using 0.8x105 (hamster), 1.4X105 (rat) and 1.4X105 (bovine) cells/tube, respectively. nocortical mitochondria contained 35 to 40 nmoles of cholesterol/mg protein, of which 15 to 20 nmoles could be used for the corticoidogenic cholesterol and the remainder must be a structural constituent and was not efficiently utilized as a substrate for the mitochondrial steroidogenesis (20). They have suggested that corticoidogenic cho lesterol must be supplied from an extra mitochondrial pool to the mitochondria to maintain the suitable level of corticoidoge nesis in the adrenal, because about 0.6 nmole cholesterol/mg mitochondrial protein/min was utilized for steroidogenesis in bovine adrenocortical mitochondria. It could be assumed from the data shown in Fig. 1 (b and  c) that the rat and bovine adrenal cells must contain sufficient corticoidogenic choles terol, which might be derived from lipid droplets and lysosomes, in order to maintain the ACTH-induced corticoidogenesis without de novo synthesis of cholesterol at least during the 2 hr (bovine) or 3 hr (rat) incubation periods. The data shown in Fig. 1 increased in adrenocortical cells after in vivo treatment of rats with chloroquine, and even broken mitochondrial fragments were seen in the lysosomes (21). The inhibitory effect of chloroquine on the ACTH-induced cor ticoidogenesis in adrenal cells might be due to relative specificity of chloroquine ac cumulation into the lysosome. It could be assumed from the higher sensitivity of the hamster cells to chloroquine, as shown in Fig. 3 , that corticoidogenic cholesterol could be liberated largely from a lysosomal pool in the hamster cell. Dichlorvos was thought to inhibit either the ACTH or cyclic AMP induced corticoidogenesis via direct in hibition of cholesteryl ester hydrolase or cyclic AMP-dependent protein kinase in isolated rat adrenal cells (11). Although it can not be answered at present why the bovine adrenal cells (lipid droplet-poor and lysosome-poor type) were not so sensitive to dichlorvos (Fig. 4c) , the data shown in Fig. 4b suggest that some phosphorylation steps might be involved during the liberation of cholesterol from the lipid droplets in the rat adrenal cells (lipid droplet-rich and lysosome-poor type), because the rat cells were extremely sensitive to dichlorvos. The precise mechanisms of the inhibitory effect of dichlorvos on the corticoidogenic response is not known at present. It could be deduced from the present data that extramitochondrial corticoidogenic cholesterol might be derived from lipid droplets and lysosomes in the rat and bovine cells, and lysosomal and de novo synthetized cholesterol would be utilized as corticoidogenic cholesterol during the ACTH induced corticoidogenesis in the hamster cells, because the present studies were performed in vitro using the dispersed cells in a medium containing no lipoprotein. It has been suggested that the function of steroidogenic protein during the corti coidogenic responses to ACTH might take place at the step of cholesterol translocation from the outer mitochondrial membrane to the inner membrane (15). As shown in Fig. 5 , the corticoidogenic responses to ACTH, which might be supported by the supply of corticoidogenic cholesterol from either ex tramitochondrial pools, were equally sensitive to cycloheximide in the hamster, rat and bovine cells. Such findings do not contradict our previous opinion that the corticoidogenic responses to ACTH were strictly controlled by the rate of translocation of cholesterol from the mitochondrial outer membrane to the inner membrane where cytochrome P 45Oscc is localized (15).
